Abstract-Stress is often known as a state of mental or emotional tension resulting from adverse circumstances. Consequently, people nowadays are facing stress where different people will have a different level of stress. Hence, EEG technology is invented to assist people to determine the level of stress by using brain signals. This paper describes the development of a LabVIEW-based system that can determine the level of stress based on the analysis of brain signals in LabVIEW. In this study, 1-channel EEG amplifier is employed to record EEG signals from five subjects at three different cognitive states which are closed eyes (do nothing), playing game and doing IQ test. The eegID application in mobile phone is used to capture recorded EEG signals from EEG amplifier and then the captured EEG signals are analysed in LabVIEW. The result shows that the average centroid which was applied on the EEG Power Spectrum of Alpha band is higher than Beta band when the subject is at relax cognitive state meanwhile the average centroid of EEG Power Spectrum of Beta band is higher than Alpha band when the subject is at stress cognitive state. Thus, it can be concluded that the subject are in the stress cognitive state when playing game and doing IQ test. At the end of this project, the LabVIEW Graphical User Interface (GUI) is created to display the level of stress for each subject after undergoing several mental exercises. Beside LabVIEW GUI, a device is constructed to display the level of stress in offline manner.
I. INTRODUCTION
Electroencephalogram (EEG) is a measurement device used for monitoring and measuring the different electrical activities in the brain [1] . Different types of electrical activities will correspond to the different neural states of the brain. Every physical activity of a person is due to some activity in the brain will generate electrical signals. These signals can be captured and processed to get the useful information that can be used in early detection of some mental diseases such as stress [2] . Everyone experiences stress in life. Moderate stress can be beneficial to human; however, excessive stress is harmful to the health. Stress is also considered as the major risk factor for the occurrence of heart attack, hypertension, strokes or even sudden death. In order to monitor stress, different techniques can be applied [3] [4] [5] [6] . In this project, EEG signals or brain signals are used to determine the level of human stress. EEG signal is divided into five frequency bands which are Delta, Theta, Alpha, Beta and Gamma and the each EEG frequency band and its related activities are shown in the Table I . Here, the EEG signals is analysed using LabVIEW software to identify the unique features resided in the brain signals which can be used to identify and monitor human stress level. LabVIEW is a graphical programming environment which consists of a block diagram and a front panel. The block diagram provides a graphical code development environment whereas a front panel allows the user to interact with a Virtual Instrument (VI). LabVIEW programming is chosen because it provides an efficient and easy-to-use environment for code development especially when the user needs to interact with the program and visualize the results [7] [8] [9] . Throughout this project, the analysis of EEG signals will provide alertness to people about the level of stress.
Hence, the main objective of this research is to design an offline stress level recognition system using EEG signals and LabVIEW. In order to achieve the main objective, several subobjectives need to be implemented such as to develop LabVIEW coding to analyse and extract EEG features from EEG signal that related to stress and to construct the LabVIEW Graphical User Interface (GUI) and a device to display the level of stress.
II. METHODOLOGY
The research focuses on the development of LabVIEW coding and GUI to analyze human brainwaves and monitor the stress level. Thus, several steps are implemented to determine the level of stress as described below.
A. Subject Selection
In this project, 5 subjects are selected which consist of 2 males and 3 females which age range from 23 -25 years old are chosen for this research since this project is implemented to identify stress level of college students.
B. Measurement Protocol
In this project, 1-channel Neurosky MindWave EEG headset as shown in Fig. 1 is selected to carry out the experiment. The headset is used to capture the brain signal with the sampling rate of 512Hz. The sensor tip of Neurosky is placed on the forehead of the subject and the ear clip is clipped onto the earlobe. When Neurosky is turned on, it will pair with the mobile phone by using Bluetooth technology. The apps that was used to record data is eegID application in a mobile phone as shown in Fig. 2 . Here, the captured EEG data from EEG amplifier is uploaded to the drop box in mobile phone.
For measurement protocol, EEG data will be taken in 3 different human state conditions which are closed eyes, playing game (Word Search), and doing IQ test. Before taking measurement, subjects are instructed to close their eyes or playing game or doing IQ test state for 30 second. After 30 second, the EEG data is recorded for 5 minute before sending the EEG data to the provided drop box. Then, the EEG data is analysed using LabVIEW software. 
C. Feature Extraction
In this study, a Spectral Centroid of EEG signal is selected as the features in stress recognition. The Spectral Centroid is used to find the centre value of the groups for each EEG frequency bands, here is Alpha and Beta Bands. The Spectral Centroid is defined as the average frequency weighted by amplitudes, divided by the sum of the amplitudes. The formula to calculate Spectral Centroid is shown in Equation 1 [10] [11] . The Spectral Centroid is applied to the power spectrum of EEG Alpha and Beta bands.
(1)
The Spectral Centroid is applied to the power spectrum of EEG Alpha and Beta bands in order to find the stress features when there are the changes in the neural states due to the implementation of physical and mental exercises (do nothing, playing game and doing IQ test). The power spectrum of EEG signals is calculated using Fourier transform and power spectral density techniques in MATLAB, fft and psd. The equation of the power spectrum and power spectral density is illustrated by Equation 2 and 3 respectively where x(n) represents the EEG data, N denotes the length of EEG data and T S is the sampling period.
The value of spectral centroid of Alpha and Beta band from each mental exercise then are employed by classifier as target or class for classification process. For classification process, the robust and powerful classifier such as k-NN is used to classify the pattern of stress features from the given based on the selected EEG features in term of Spectral Centroid. The selected EEG features are classified with the training and testing ratios are varied from 50:50, 60:40, 70:30 and 80:20 in order to find the best classification accuracy. Fig. 3 represents the flow chart of this study. Firstly, five number of sample is selected which consists of 2 male and 3 females. Then, EEG data is taken by using one channel NeuroSky Mindwave EEG headset for three exercises which are closed eyes, playing game and doing IQ test for a duration of five minutes for each exercise. Each of the samples is taking the EEG data for three times to get the average result. After collecting all the data from each sample, the LabVIEW programming is written to analyse the captured EEG data.
D. Measurement Process Flow
In this study, the Alpha band and Beta band is selected to analyse the human stress. The selected feature in this project is spectral centroid of each Alpha and Beta band. The value of spectral centroid will be fed to classifier in order to classify the level of stress of the sample. Here, the spectral centroid can be employed to indicate the change in human cognitive after undergoing mental exercises [12] . When the centroid value of Alpha band is higher than the Beta value, it indicates that the sample can be considered in relax state. Meanwhile when the centroid value of Alpha band is lower than the Beta value, the sample is in stress state. For stress state, it is divided into two which is low stress and high stress. The threshold centroid value is set to 380. The threshold centroid value is determined according to the average centroid value of Beta band of all the data. Once the value of centroid value is higher than 380, the sample is said to be high stress and when the value of centroid value is lower than 380, the sample is said to be low stress. Next, the feature classification by using k-NN classifier is implemented to determine the accuracy of the selected EEG features. Meanwhile, GUI in the front panel of the LabVIEW programming and the hardware will display the level of stress. Finally, the system is tested to make sure the overall system is run smoothly and perform well. Fig. 4 shows the block diagram of this research. First of all, When the LabVIEW received the EEG raw data, the preprocessing is applied first to remove the noises especially the noises come from eyes movement. After the pre-processing stage, the feature extraction stage is implemented. The centroid values of EEG Alpha and Beta band are classified by applying k-NN classifier. Finally, GUI and EEG-based stress recognizer are also constructed to display stress level. 
B. Graphical User Interface
The graphical user interface (GUI) is designed in LabVIEW to help user to communicate with the LabVIEW and display the results. Fig. 6 describes the overall LabVIEW GUI of the project. The GUI contains two main parts which are EEG signal processing and displaying the level of stress by using centroid value. In the EEG signal processing stage, it contains the graph of raw EEG, filtered EEG, overall power spectrum of EEG, power spectrum of EEG Alpha band and power spectrum of EEG Beta band. Meanwhile for the displaying the level of stress by using centroid value part, it contains the bar graph of centroid value of EEG band, value for Alpha and Beta band, indicator for stress level and three LED to indicate the level of stress. The GUI is tested and successfully run to display the level of stress as elucidated by Fig. 6 . 
C. EEG Signal Processing
The captured of the raw EEG signals are shown in Fig. 7 . Next, the recorded of EEG data are saved in the .csv file. The .csv file contains the raw EEG data in term of voltage and it is crucial data for data analysing. After the raw EEG signal is plotted, the next process is pre-processing. Here, the bandpass Butterworth filter is used to filter the noise of raw EEG containing the EOG, EMG or others noise and it is used to eliminate the unwanted signal. Fig. 8 shows the graph of filtered EEG signal after doing pre-processing process to remove the noise. Fig. 9 shows the graph of overall power spectrum of EEG signal. The overall power spectrum graph consists of five frequency band which is Delta, Theta, Alpha, Beta and Gamma band. The frequency range of the PSD is from 0Hz to 256Hz. This is because the sampling frequency of the 1-Channel Neurosky MindWave EEG headset is 512Hz. Hence, the maximum frequency will be half of the sampling frequency which has to obey Nyquist theorem to avoid aliasing to occur. Fig. 10 shows the power spectrum of EEG Alpha band. Meanwhile, Fig. 11 shows the power spectrum of EEG Beta band. Here, only EEG Alpha and Beta band are extracted from the overall power spectrum of EEG signals which are very crucial to analyse the level of stress. Fig. 12 depicts the stress device indicator which is constructed to display the stress level instead of displaying stress level in LabVIEW GUI. The hardware consists of Arduino Uno, LCD and LEDs. Here, the LCD component is used to display the stress level in term of relax, low stress or high stress. In addition, the LEDs act as indicator for stress level. For example, when green LED is turned on, it indicates relax state. Meanwhile, the yellow LED and red LED indicates low and high stress respectively. The blue LED is act as the indicator for LCD. From Fig. 6 , it can be concluded that the subject is in relax mode because the LCD displayed relax cognitive state and the green LED will turn on. Table II indicates the centroid value for Alpha and Beta Band of five samples at three different states which are closed eyes, playing game and doing IQ test. Due to some inaccurate data in each state, total average centroid value is calculated to obtain a better result to analysis the level of stress for each state. Fig. 13 represents the total average centroid value against state for 5 samples. From Fig. 13 , it can be concluded that the closed eye state is at relaxed mode, while playing game state is at low stress mode and doing IQ test is at high stress mode. 
E. Analysis of Centroid Value of EEG Signal

IV. CONCLUSIONS
The offline stress level recognition system is successfully implemented to detect the level of stress based on EEG signals. The LabVIEW coding is successfully constructed to analyse the EEG signals where centroid value of Alpha and Beta band of EEG signal is extracted to analysis the stress level. From the experiment results, when the Alpha is higher than Beta, the sample is at relaxed mode while the sample is at stress mode when the centroid of Beta is higher than Alpha. But, the stress mode is divided into two levels which is low and high. Low stress is the centroid value less than threshold value, 380 and high stress is the centroid value more than threshold value. Besides that, LabVIEW GUI and offline stress level recognition or device is successfully constructed to display the level of stress. The future work will include a construction of standalone wireless stress recognizer without depending on LabVIEW platform to run the system.
